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(57) ABSTRACT

A medical 1imaging examination apparatus has a front wall
with an opening to a cylindrical examination area into which
a patient to be examined can be moved, and has an 1llumina-
tion arrangement for the 1llumination of the front wall over a
large surface. The 1llumination of the front wall reduces feel-
ings ol fear on the part of a patient, and thus simplifies
conducting examinations using the examination apparatus.
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MEDICAL IMAGING APPARATUS
ILLUMINATED TO REDUCE PATIENT
ANXIETY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention concerns a medical examination
apparatus for imaging of the type having a front wall with an
opening to a cylindrical examination area into which a patient
to be examined can be moved.

2. Description of the Prior Art

For the examination of a patient using a medical 1maging,
apparatus, a part to be examined of the patient 1s brought into
an examination area of the medical imaging apparatus. For
example, 1n magnetic resonance tomography devices, com-
puted tomography devices, and positron emission tomo-
graphs, the examination areas are usually cylindrical in shape.
So that the entire patient can be brought 1into the examination
area, the examination area has a diameter that 1s somewhat
larger than the average shoulder width (approx. 60 cm). The
examination area 1s surrounded by elements for imaging that
are contained in a large housing, generally filling most of a
room.

Upon seeing the large examination apparatus, simply the
thought of being placed inside the tunnel-shaped examination
arca causes unpleasant feelings 1n most patients; when the
patient 1s actually placed 1n the examination area these feel-
ings can become stronger, to the point of claustrophobic panic
attacks caused by the narrow surroundings. In other words,
the sight of the examination apparatus, as well as the later
placement of the patient into the examination area, together
with 1ts perceived narrowness, causes feelings of concern,
anxiety or even fear in the patient.

In order to enable an examination to be carried out 1n spite
of this fear, the patient 1s given a more or less strong sedative.
This has the effect of limiting the patient’s reactions well
beyond the time required for the examination, and 1s often felt
by the patient to be unpleasant or even damaging to the
patient’s health.

Translucent material 1s used in the illumination of, for
example, advertising spaces or designer furniture. Due to 1ts
optical properties, e.g. 1ts light conductivity due to its internal
total reflection, 1t can be 1lluminated over large surfaces. An
example of such a material 1s the polyester PET-G (polyeth-
ylene terephthalate glycol).

Light-emitting diode modules, for example the LINEAR -
light module made by the firm OSRAM, are used for example
for light coupling 1 emergency beacons, i 1lluminated
advertisements, or 1n path markers.

SUMMARY OF THE INVENTION

An object of the present invention 1s to design the appear-
ance ol a medical 1maging apparatus 1n such a way that the
patent will be pleasantly affected, and his or her feelings of
tear will be reduced.

According to the present invention, this object 1s achieved
by a medical imaging apparatus, having a front wall with an
opening to a cylindrical examination area into which a patient
to be examined can be moved, and having an 1llumination
arrangement for the illumination, over a large surface, of the
front wall.

A front wall 1lluminated over a large surface using such an
illumination arrangement dominates the percerved appear-
ance of the examination apparatus, in relation to the opening
to the examination area. By an appropriate choice of the
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illumination arrangement, the mood of the patient can be
influenced by, for example, color and brightness. This has the
advantage that 1n many cases it becomes unnecessary to
administer a sedative. The resulting improved cooperation of
the patient accelerates the examination, and reduces the
amount ol time he or she must spend 1n the examination
apparatus.

In one embodiment of the present invention, the front wall
and the adjacent inner housing wall form a hermetically
sealed component around the hollow space. This has the
advantage that no foreign objects can alter the optical prop-
erties of the system. For example, foreign objects situated on
the backside of the front wall would hinder the 1llumination
elfect, and thus would change the visual appearance. With the
use of PET-G polyester for the front wall and for the inner
housing wall, the two parts can be formed, for example, using
a deep-drawing method, and can be connected to one another
at their contact points, €.g. by heating. This has the advantage
that the hermetically sealed hollow space 1s created already
when the front wall 1s made, and can be kept free of foreign
objects.

A further advantage that does not relate solely to a com-
pletely hermetically sealed hollow space 1s that due to the
double wall system of the component, formed by the front
wall and the adjacent inner housing wall, 1n the area of the
front wall there 1s an acoustic decoupling of the examination
apparatus from the surrounding environment. This 1s particu-
larly advantageous in a magnetic resonance apparatus,
because here the noise to which the patient under examination
1s exposed 1s 1 considerable part communicated through the
front wall to the air before reaching the patient. With the aid
of an additional layer of foam between the component and the
magnetic resonance apparatus, a noise suppression of several
tens of decibels can easily be achieved.

In a further development, the 1llumination arrangement 1s
an arrangement for the emission of light and/or a control and
regulation unit for controlling and regulating the intensity
and/or the color of the 1llumination. This has the advantage
that the illumination, for example by lamps or light-emitting
diodes, can be monitored and can be varied dependent on the
course of the examination, including the preparations. Thus,
for example, when the examination room 1s entered a warmer,
calming color tone can be selected, which can for example be
reduced 1n 1ntensity while the patient 1s being placed on a
patient bed of the examination apparatus. If the head of the
patient 1s situated 1n the examination area during the exami-
nation, the i1llumination can be adapted to the needs of the user
during the examination. If the head is situated outside the
examination area, the patient can also be influenced, e.g.
calmed, by the illumination during the examination.

In another embodiment, the arrangement for light emission
includes one or more different light-emitting diodes, fash-
ioned for example for the emission of light of different colors.
The use of different light-emitting diodes has the advantage
that the illumination can be varied 1n many ways, and can be
controlled through the use of different combinations of light-
emitting diodes. If the light-emitting diodes are used with the
hermetically sealed component, the hermetic seal can be
maintained by arranging the light-emitting diodes in the
accessible edge of the front wall.

In a further embodiment, the arrangement for emitting light
and the front wall are situated 1n relation to another such that
colored light produced by the light-emitting means 1s mixed
at or 1n the front wall to form an i1lluminating color. This
simplifies the design, because no additional elements are
required for the light mixing.
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In another particular specific embodiment, a number of
light-emitting diodes are combined 1n a light-emitting diode
module, and 1n particular a number of these diodes, arranged
in an annular row, surround the opening to the examination
arca. This has the advantage that commercially available
light-emitting diode modules can be used, which can be 1ndi-
vidually exchanged 1n case of failure of one or more light-
emitting diodes of the light-emitting diode modules.

In another embodiment. a number of light-emitting diodes
are situated between an outer edge of the front wall and the
examination area. This has the advantage that a homogenous
illumination of the front wall 1s made easier, for example by
positioning the light-emitting diodes 1n the midpoint of a
bulge 1n the front wall.

The arrangement for emitting light can be situated on the
outer edge of the front wall. This has the advantage that it 1s
casily accessible and can be exchanged easily in case of
failure.

In another embodiment, a hght -emitting diode 1s situated 1n
a bored hole 1n the front wall, in order to couple light pro-
duced by it 1into the front wall. This placement of the light-
emitting diode 1n a bored hole, which for example runs par-
allel to the front wall on the outer edge of the front wall,
enables an efficient coupling of light into the front wall.

In a further embodiment, the front wall has, on an outer
side, a deflector for deflecting light from inside the front wall
outwardly. Here, the deflector can include, for example,
prism-shaped recesses 1n the outer side of the front wall.
Alternatively, or 1n addition, the deflector can include layers
that can be fastened to the front wall, which are suitable 1n
particular for moditying the refractive index transition from
the front wall to the surrounding air. The use of a detlector for
deflecting light from the interior of the front wall outwardly
makes 1t possible to achieve a homogenous 1llumination of
the front wall by adapting the arrangement of the light deflec-
tor to the design of the illumination arrangement.

In another embodiment, the 1llumination arrangement is a
projector and a number of light guides that conduct light
produced by the projector to the front wall and couple 1t 1nto
the front wall. This has the advantage that the 1llumination
and coloring can be monitored and influenced with the aid of
the projector.

In an embodiment of the examination apparatus, the front
wall has a text projection area onto which text can be pro-
jected using a projection system. In particular the projection
can take place onto the inner or outer side of the front wall. An
advantage of this specific embodiment 1s that the optical
characteristics of the front wall are exploited 1n order to make
additional information easily available, for example for the
operating personnel.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic medical imaging apparatus hav-
ing an 1llumination arrangement in accordance with the
invention.

FIG. 2 shows a section through the front wall of the appa-
ratus of FIG. 1, with a light-emitting diode integrated into the
front wall.

FIG. 3 shows a section through the front wall of a further
embodiment of a medical imaging apparatus according to the
invention. employing a projector and light guides.

FIG. 4 shows a section through the front wall of the appa-
ratus of FIG. 1, with a light-emitting diode arranged behind 1t.
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FIG. 5 shows a front view of the front wall of a further
embodiment of a medical imaging apparatus according to the
invention with openings for operating elements and for a text
projection area.

FIG. 6 shows two possible variants for the projection of text
onto the text projection area of a further embodiment of a
medical imaging apparatus according to the mnvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a hollow cylindrical scanner 1, as is often
present in a medical imaging apparatus 2. For example, the
hollow cylindrical scanner 1 can contain a basic magnet of a
magnetic resonance tomography device, or radiation detec-
tors of a computed tomography device or of a positron emis-
sion tomography device. The hollow cylindrical scanner 1
dominates the visual appearance of the examination appara-
tus 2. A patient can be introduced into opening 3, for example
on a patient bed (not shown). The opening 3 1s surrounded by
front wall 5, which 1s composed of an upper front wall part 5A
and a lower front wall part 5B, each manufactured from
translucent material. This division simplifies the handling of
the front wall 5. In cross-section, front wall 5 has the shape of
a ring and, for example, 1s curved away from the hollow
cylinder of the scanner 1 in the center radial region. On 1ts
outer edge there are situated a number of light-emitting diode
modules 7A, 7B, which are connected with a control and
regulation unit 8, which, for example, 1s itegrated into a
control unit of the examination apparatus 2. From the control
and regulation unit 8, the light-emitting diode modules 7A,
7B are supplied with power, and individual light-emitting
diodes, or all the light-emitting diodes, of the light-emitting
diode modules 7A, 7B, can be driven to emit light. In particu-
lar, the control and regulation umit 8 1s used to control the
intensity and/or the color of the illumination.

FIG. 2 shows a section through the upper front wall part 5A
of front wall 5 from FIG. 1. The front wall part 5A has been
manufactured from two plates of translucent material, for
example the polyester PET-G, 1n a deep-drawing process.
One of the plates forms an adjacent inner housing wall 10A,
and the other forms front wall 10B. The curvature of the front
wall 10B toward the front can be seen. In the transition area of
the two plates, which enclose a hermetically sealed hollow
space 100, a light-emitting diode 9 1s placed into a bored hole
12, and radiates light into the translucent material of front
wall 10B. The front side of the front wall 10B 1s roughened
slightly, so that a total reflection of the light propagated 1n the
maternal 1s prevented, and light exits through the front side.
The 1llumination effect of the front wall 10B 1s increased 11 the
back wall 10A 1s manufactured of a translucent material that
has been tinted white and the front wall 10B 1s manufactured
ol a translucent material that has been only slightly tinted
green, for example as imitation glass. Due to the hermetic
sealing of the front wall part 5A, the optical appearance
cannot be aflected by contamination in the interior. For
example, the coloring 1s produced by the colors of the trans-
lucent material, and the colors can be accentuated by white
light-emitting diodes. The desired optical impression also can
be produced without active illumination. IT 1t 1s desired to
vary the illumination eflect, it 1s advantageous to use a con-
trollable active 1llumination arrangement, the intensity and
color of which can be adjusted.

Due to the higher intensity of the coupled-in light near the
light-emitting diode 9, prism-shaped recesses 13 are addi-
tionally made in the front side of front wall part 5. The
recesses 13 effect an increased emission of light due to a
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modified angle of incidence. The distribution density of the
recesses 13 increases with the distance from light-emitting
diode 9, so that the intensity of the light 1n the translucent
maternial, which decreases due to the coupling out and the
propagation, 1s compensated, and a homogenous 1llumination
of the front wall 5 1s achieved.

FIG. 3 shows another embodiment for coupling light into
the front wall part SA. A projector 15 produces colored light
that 1s coupled into light guides 17. Light guides 17 are routed
along the outer edge of the front wall part SA. There, the
exiting light 1s coupled into the front wall part S5A. For the
coupling in, light guides 17 can be distributed uniformly
around the outer edge.

As an alternative to the prism-shaped recesses, refractive
index layers 19 can be attached on the outer side of front wall
part SA, for example 1n the form of stickers or decals. The
refractive index of refractive index layers 19 preferably lies
between the refractive index of the front wall SA and that of
the surrounding air. In this way, the layers 19 prevent total
reflection, and result 1n an increased coupling out of the light
from the interior of the front wall part 5A. This effect, due to
so-called “phase-shifted printing,” can achieve a uniform illu-
mination or radiation.

FIG. 4 shows an alternative design for the illumination of
an upper front wall part SA' of the front wall 5 from FIG. 1. In
the direction of the hollow cylinder of the scanner 1, an
adjacent inner housing wall 21 1s additionally situated on
which there 1s fastened, approximately in the center, a light-
emitting diode 9A. The light-emitting diode 9A can {for
example be part of a light-emitting diode module that 1s
situated annularly around the opening 3. If the curvature of
the front wall part SA' 1s such that the distance D from various
points of the front wall part 5A' to the light-emitting diode 9A
1s essentially equal, this results in a uniform illumination. In
the area of the opening 3, a sheathing 23 1s additionally
attached that produces a funnel-shaped entry for light to the
opening 3, and enables easy assembly of the front wall part
S5A".

As also shown 1n FIG. 4, another light-emitting diode 9A'
may be present, and the light-emitting diodes 9A and 9A' may
be of different types, such as light-emitting diode 9A emitting,
light of a first color, and light-emitting diode 9A' emitting
light of a second color.

FIG. S shows a front view of a front wall 5' with opening 3.
In two operating areas situated at operating height, the front
wall 5' has openings 27 into which operating units 25A, 258
can be mtroduced. The operating units 25A, 258, similar to
that of front wall §', have a circuit board for the required
clectronic elements. I1luminated operating buttons situated 1in
the openings 27 are set ofl in a particularly well-contrasted
fashion from the operating units 25A, 25B, which, for
example, are weakly illuminated. In addition, the front wall '
has an opening for a text projection unit 29 on which, for
example, patient data or information accompanying the
examination are projected. The text projection unit 29 can be
1lluminated with particular colors such that a high contrast to
the text 1s achieved. In addition, indications for the patient or
for the operating personnel can be incorporated 1nto the text
projection, for example technical data concerming the posi-
tion of the patient bed, the brightness of the 1llumination, etc.

The front wall §' preferably 1s subdivided further into an
upper part and a lower part, each of which 1s hermetically
sealed.

FI1G. 6 shows two possible positions of a projection system
required for projection or illumination. For example, projec-
tor 31 can be fastened, at some distance from the examination
apparatus, to a ceiling 33 of a room in which the examination
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apparatus 1s located. In addition to the i1llumination of text
projection unit 29, it can also be used to 1lluminate the front
wall 5'. Alternatively, a projection system 35 can be used
having a deflecting mirror 37 that 1s situated in the interme-
diate space between the front wall 5' and the adjacent housing
wall 21"

If the front wall §' 1s 1lluminated, for example by the pro-
jector 31, colored translucent maternials can be used for front
wall 5', and 1t can be i1lluminated with white light. In this case
as well, a variation of the illumination intensity then results 1n
a calming effect on the patient. Alternatively, colored light or
a colored 1mage can be projected on a front wall 5' that 1s for
example colored white.

In the described embodiments, various types of light mix-
ing are possible for the production of mood-influencing col-
ors. Light having the desired color can be produced by dii-
ferently colored light-emitting diodes 9 or 9A, or 1 a
projector 15, and can be coupled into the front wall 5 directly
or via light guides 17. Alternatively, the light mixing can take
place 1n the translucent matenal itself, by the coupling of light
of various colors 1nto the front wall §'.

The color of the light can be adjusted with respect to 1ts
psychological effect as well as with respect to the coloring of
the surrounding premises and of the examination apparatus.
In the former case, such adjustment makes it possible to
induce particular moods or to neutralize feelings of fear.

In addition, alternative light effects, for example lighting
patterns or transitions between different colors, can be used.
For example, upon entering the examination room bright
color tones such as green and white preferably are selected.
Subsequently, a change preferably 1s made to reddish yellow-
orange color tones, 1n order to exert a calming influence on the
patient. Using remote controlling or local controlling, the
light itensity or the color mixing can be subsequently con-
trolled or adjusted 1n an adaptive fashion. The coloring can be
adapted during the course of the examination, or can be
adapted to different examinations. For example, 1n an exami-
nation in which the head of the examination subject s situated
outside the examination area, the color can be selected to be
stimulating or calming during the examination 1tself.

Although modifications and changes may be suggested by
those skilled 1n the art, 1t 1s the intention of the inventors to
embody within the patent warranted hereon all changes and
modifications as reasonably and properly come within the
scope of their contribution to the art.

We claim as our invention:

1. A medical imaging apparatus comprising:

a scanner having an open interior volume configured to

receive a patient and configured to acquire 1mage data
from the patient, said scanner having an exterior with a
front wall surrounding an opening through which said
open 1nterior volume 1s accessed; and
a light source located completely behind said front wall
inside said exterior of said scanner, said light source
emitting light that interacts with said front wall that
causes a substantial surface portion of said front wall, at
least surrounding said opening and being separate from
said light source, to be illuminated exclusively with
dispersed i1llumination designed to make the 1lluminated
surface portion dominate said opeming 1n a visual per-
ception of said front wall at said exterior of said scanner
to reduce anxiety of the patient prior to the patient being
received 1n said open interior volume, at least a portion
of said front wall being comprised of optically translu-
cent material that conducts said light from said light
source and that disperses said light, at said substantial
surface portion, as said dispersed 1llumination.
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2. A medical imaging apparatus as claimed in claim 1
wherein said scanner comprises an inner housing wall adja-
cent to said front wall, said front wall and said inner housing
wall forming a hollow space 1n said scanner.

3. A medical imaging apparatus as claimed in claim 2
wherein said hollow space 1s hermetically sealed.

4. A medical imaging apparatus as claimed in claim 3
wherein said imnner housing wall 1s also comprised of optically
translucent material and also interacts with said light emitted
by said light source to produce said dispersed 1llumination
designed to reduce anxiety of the patient.

5. A medical imaging apparatus as claimed in claim 1
wherein said scanner forms a hollow cylinder, with said front
wall forming an end face of the hollow cylinder.

6. A medical imaging apparatus as claimed i claim 1
comprising a control and regulation unit connected with said
light source to control and regulate at least one of intensity
and color of said 1llumination.

7. A medical imaging apparatus as claimed 1n claim 6
wherein said light source comprises at least one light emitting,
diode.

8. A medical imaging apparatus as claimed 1n claim 6
wherein said light source comprises a plurality of different
types of light-emitting diodes.

9. A medical imaging apparatus as claimed 1n claim 8
wherein said different types of light-emitting diodes respec-
tively emit light of different colors.

10. A medical imaging apparatus as claimed 1n claim 6
wherein said front wall has a peripheral edge, and wherein
said light source 1s disposed at said peripheral edge.

11. A medical imaging apparatus as claimed in claim 10
wherein said scanner 1s formed as a hollow cylinder, said
hollow cylinder having a cylinder wall forming said periph-
cral edge.

12. A medical imaging apparatus as claimed in claim 6
wherein said front wall has a bored hole therein, and wherein
said light source 1s a light-emitting diode disposed 1n said

bored hole for coupling light from said light -emitting diode
into said front wall.
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13. A medical imaging apparatus as claimed 1n claim 12
wherein said front wall comprises a light deflector for deflect-
ing light outwardly from an interior of the front wall.

14. A medical imaging apparatus as claimed 1n claim 13
wherein said deflector comprises a plurality of prism-shaped
recesses at an outer side of said front wall.

15. A medical imaging apparatus as claimed in claim 12
wherein said front wall has a refractive index, and wherein
said deflector comprises at least one layer attached to said
tront wall having a refractive index different from the refrac-
tive index of the front wall.

16. A medical imaging apparatus as claimed in claim 6
wherein said scanner has an interior wall adjacent to said front
wall, and wherein said light source comprises a light-emitting
diode disposed on said interior wall that 1lluminates an inte-
rior side of said front wall.

17. A medical imaging apparatus as claimed in claim 6
wherein said light source emits said light at a first color, and
wherein said optically translucent material has a second
color, and wherein said dispersed i1llumination designed to
reduce anxiety of the patient has a third color that 1s a mixture
of said first color and said second color.

18. A medical imaging apparatus as claimed in claim 1
wherein said light source comprises a projector and a plural-
ity of light guides disposed for guiding light from said pro-
jector to said front wall and to couple said light from said
projector 1nto said front wall.

19. A medical imaging apparatus as claimed 1n claim 18
wherein said front wall comprises a text projection area, and
wherein said projector additionally generates projected text
onto said text projection area.

20. A medical imaging apparatus as claimed 1n claim 19
wherein said front wall has an interior side, and wherein said
text projection area 1s disposed at said interior side of said
front wall.

21. A medical imaging apparatus as claimed in claim 19
wherein said text projection area 1s disposed at said front wall
at said exterior of said scanner.
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